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SUMMARY: The reproductive cycle of the dog cockle, Glycymeris nummaria (Glycymerididae), was studied using 
specimens collected monthly from Mali Ston Bay, southeastern Adriatic Sea over the period from January to December 2010. 
We analysed sex ratios, gonad developmental stages, and oocyte diameters using standard histological techniques. There 
were no differences in the overall sex ratio and no difference in shell length with respect to sex. Results of a size-frequency 
analysis of oocyte diameters agreed with a qualitative analysis of gonadal developmental stages, confirming the occurrence 
of one annual spawning peak from May to July. A significant correlation was identified between mean gonad indices of 
males and females and condition index. This study provides the first data on the reproductive characteristics of G. nummaria, 
providing necessary information for the future sustainable management of its potential fishery.
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RESUMEN: CiClo reproduCtivo de Glycymeris nummaria (MollusCa: Bivalvia), de la Bahía de Mali ston, Mar adriátiCo, 
CroaCia. –  El ciclo reproductivo del bivalvo Glycymeris nummaria (Glycymerididae) fue estudiado en base a especímenes 
recolectados mensualmente entre enero y diciembre de 2012 en la Bahía Mali Ston (sudeste del Adriático). Analizamos la 
proporción sexual (sex ratio), los estadios del desarrollo gonadal y el diámetro de los ovocitos utilizando las técnicas histoló-
gicas estándares. No existen diferencias en la proporción sexual ni tampoco en la longitud de los especímenes en relación al 
sexo. Los resultados del análisis de la frecuencia de los diámetros de los ovocitos concordaron con el análisis cualitativo del 
estadio de desarrollo de las gónadas, confirmando la existencia de un pico de puesta anual entre los meses de mayo y julio. 
Asimismo se encontró una correlación significativa entre los índices gonadales promedio de machos y hembras y el índice de 
condición. Este estudio aporta por primera vez datos de las características reproductivas de G. nummaria que son necesarios 
para la gestión sostenible de la pesca potencial de esta especie en un futuro.
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INTRODUCTION
Three species of Glycymerididae are known to 
occur in the Adriatic Sea, including Glycymeris bi-
maculata (Poli, 1795), G. glycymeris (Linnaeus, 1758) 
and G. nummaria (Linnaeus, 1758) (Legac and Hrs-
Brenko 1999). Although data on their distributions and 
abundances in the Adriatic and Mediterranean Seas are 
provided in several publications (e.g. Legac and Hrs-
Brenko 1999, Rinaldi 2002, Zenetos et al. 2005, Šiletić 
2006, Dhora 2009, Manousis et al. 2010, Peharda et 
al. 2010), information on biology and ecology are 
limited, especially for G. nummaria. In the literature, 
the species is known by several synonyms including 
G. violacescens (Lamarck, 1819) and G. insumbrica 
(Brocchi, 1814).
Glycymeris nummaria is the smallest of the three 
species and usually attains shell lengths of up to 70 mm 
(Poppe and Goto 2000). It is considered to be mainly a 
Mediterranean species, but has also been recorded from 
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the Atlantic, primarily from the area around Gibraltar 
(Poppe and Goto 2000). According to Legac and Hrs-
Brenko (1999) G. nummaria prefers fine well-sorted 
sands and lives at depths ranging from 2 to 40 m. Since 
this substratum type is relatively rare in the eastern 
Adriatic, G. nummaria is not considered a common 
species here. In locations where it is present, however, 
it can attain a density of 62 g/m2 and an abundance of 
1.59 ind/m2 (Peharda et al. 2010). A shell length of 50 
mm is attained within 8 years and maximum longevity 
is estimated at 20 years (Peharda et al. 2012a). 
In Croatia, G. nummaria presently has negligible 
commercial value, since it is used only occasionally 
for fish bait, souvenirs and only rarely for human con-
sumption (Legac and Fabijanić 1994, Zavodnik 1997). 
In other parts of the Mediterranean, however, such as 
France, species of Glycymeris have a higher commer-
cial value and are considered a delicacy (Le Bouteux 
1992, Poppe and Goto 2000). 
The aim of this study was to investigate the repro-
ductive cycle and gonadal development of G. numma-
ria from Mali Ston Bay in the eastern Adriatic Sea. We 
combined the qualitative technique of gonadal stage 
analysis and quantitative measurements of oocyte 
diameter to determine the timing of reproductive de-
velopment and spawning. We also analysed sex ratios 
and annual trends in mean gonad index and condition 
index. Due to its local abundance, it is possible that 
G. nummaria might become a fisheries object. Accord-
ingly, the data obtained provide a basis for the sustain-
able management of natural populations.
MATERIALS AND METHODS
Sampling was conducted monthly in Mali Ston Bay 
(42°52’17’’N, 17°39’08’’E) (Fig. 1). Samples were 
collected over the period from January to December 
2010 using commercial SCUBA at depths of 4 to 7 m. 
Seawater temperature data were obtained from Peharda 
et al. (2012b), who measured this parameter at a nearby 
location at 7 m depth (42°51’45’’N, 17°40’59’’E) us-
ing a hydrographic probe (YSI Professional Plus).
The reproductive cycle of G. nummaria was studied 
using 30 similar-sized individuals collected monthly, 
except in January 2010 when only 25 animals were 
obtained due to logistical problems with sample collec-
tion. The shell length of each individual was measured 
to the nearest 0.1 mm using Vernier calipers. Lengths 
of sampled individuals ranged from 50.0 to 75.1 mm, 
with a mean value of 60.3±4.3 mm. 
The bivalves were opened within 3 h of collection 
with cuts through the adductor muscles and gonadal 
tissues were fixed in modified Davidson’s solution. In 
the laboratory, tissues were dehydrated in increasing 
ethanol concentrations, embedded in Histowax (Leica), 
sectioned at 5 µm and stained in haematoxylin and eosin. 
Sections were examined at 50x and 100x magnifications, 
sexed and assigned to a developmental stage (Walker 
and Power 2004), i.e. inactive (0), early active (3), late 
active (4), ripe (5), partially spawned (2) and spent (1) 
(Fig. 2). A description of the gonad histological stages 
is given in Table 1. Mean gonad index (MGI) values 
were obtained by multiplying the number of individuals 
from each developmental stage by its numerical ranking, 
and dividing this by the number of individuals (Gosling 
2003). The relationships between the MGI of males and 
females versus temperature were examined. 
The size frequency distribution of oocyte diameters 
was studied using photographs of three visual fields of 
each histological section of the female gonads. Photo-
graphs were made with a Zeiss AxioCam ERc 5s using 
Axio Lab A1 microscope at 100x magnification (~0.60 
mm²). Oocyte diameter was measured using AxioVi-
sion Rel 4.8 software.
For condition index analysis, 25 individuals of G. 
nummaria were collected, except in January and June 
when only 23 and 22 animals were obtained, respec-
tively. Individuals used for condition index analysis 
had a mean shell length of 55.7±3.2 mm, with a range 
of 48.0 to 63.5 mm. Field collected specimens were 
frozen. Prior to analysis, individuals were defrosted 
and cooked in boiling water for 5 min. Soft tissues 
were removed from the shell and both were left to 
air dry for one hour. Flesh and shell weights of each 
individual were obtained to the nearest 0.01 g. Condi-
tion index was determined as the ratio between cooked 
meat weight and the sum of cooked meat weight and 
shell weight, according to Davenport and Chen (1987).
A chi-square test was applied for sex ratio analysis. 
Differences in shell length distribution with respect to 
sex and differences in condition index and sampling 
month were tested using ANOVA (MINITAB statis-
tical package). Prior to this analysis, data were tested 
for homogeneity of variance using Levene’s test and, if 
needed, log transformed. Pearson correlation analysis 
was applied to the datasets to determine the degree of 
association between MGI, condition index and seawa-
ter temperature. 
Fig. 1. – Map of the study area: A, position of Mali Ston Bay in the 
Adriatic Sea; B, map of the sampling location. Filled circle indicates 
location of the shell sampling site. Filled triangle indicates the loca-
tion where temperature measurements were made. 
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Fig. 2. – Light photomicrographs of the different histological gonadal stages of male Glycymeris nummaria (A) early active, (B) late active, 
(C) ripe, (D) partially spawned and (E) spent; and female individuals (F) early active, (G) late active, (H) ripe, (I) partially spawned and (J) 
spent. (Do, degenerative oocyte; Em, empty spaces; Mo, mature oocyte; Ms, mature spermatozoa; Oog, oogonia; Spz, spermatocytes; Spd, 
spermatids; Spg, spermatogonia; scale bar 200 µm).
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RESULTS
It was not possible to determine sex for 52 individu-
als collected during the period from January to March 
and from September to December 2010 (Fig. 3). Mean 
length of these individuals was 59.5±3.8 mm. There 
was no difference in sex ratio, as a total of 151 males 
and 152 females were determined from the histological 
slides (chi-square=0.003, p=0.954). Mean length of an-
alysed males was 60.9±4.0 mm, while that of females 
was 60.2±4.1 mm. Only three individuals had a shell 
length >70 mm and all were males. There was no sta-
tistically significant differences in the shell lengths of 
sexually undetermined individuals, males and females 
(ANOVA F=1.54, p=0.207). 
Analysis of qualitative stages of gonad maturation 
showed one reproductive peak per year. Gonadal rip-
ening occurred from May to July for both males and 
females (Fig. 4). The percentages of mature males 
were 33%, 82% and 67% in May, June and July, re-
spectively. Mature females were also obtained in only 
three sampling months and represented the majority of 
individuals (80%) in July, whereas in May and June 
only 22% and 39% of females were mature, respec-
tively. Spawning occurred in July and August, as all 
individuals collected in the latter month were either 
partially spawned or spent. In the months preceding 
May, analysed individuals were either in early or late 
active stages. In a significant proportion of the sampled 
individuals (95%) gametogenesis had started in Octo-
ber and continued throughout the winter and spring 
months. 
The frequency distributions of oocyte diameters ac-
cording to sampling months are presented in Figure 5. 
Monthly mean oocyte diameter ranged from 9.20±2.75 
µm (October) to 41.93±23.65 µm (July). The largest 
increase in mean monthly values of oocyte diameter 
occurred from June (27.00±16.49 µm) to July. From 
May to August, the frequency distributions of oocyte 
diameters were polymodal and asymmetric, indicating 
female gametes in different developmental stages. The 
highest frequency of oocytes >80 µm was seen in July 
(5.8%), whereas in June and August the frequency was 
taBle 1. – Histological appearance of six gonad stages in Glycymeris nummaria
 Male Female
Inactive Sex determination not possible. Sex determination not possible.
Early active Acini loose, with spread germinative cells Oogonia attached basally to the follicle wall among 
 and spermatogonia. scarce non-differentiated germinative cells. 
Late active Larger more compact acini. A layer of developing  Oogonia in lesser numbers attached to the follicle wall. 
 spermatogonia, spermatocytes and spermatids.  Large previtellogenic and few vitellogenic oocytes 
  located in the middle of the follicles.
Ripe Layer of spermatocytes and spermatids located  Follicles rounded, large with attached and detached
 on the periphery of the acini, lumina filled with  mostly mature oocytes that are not tightly packed. 
 mature spermatozoa. 
Partially spawned Loose and abundant connective tissue surrounding  Gonadal regression, with loose and partially emptied
 partially emptied acini, mainly filled with mature  follicles. Mature oocytes detached. 
 spermatozoa. 
Spent Collapsed and emptied acini.  Empty follicles with few degenerative oocytes.
 Remains of spermatozoa present.
Fig. 3. – Frequencies of males, females and individuals for which 
it was not possible to determine sex, according to sampling month.
Fig. 4. – Glycymeris nummaria. The relative frequency of each de-
velopment phase. A, males; B, females.
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Fig. 5. – Size frequency histograms of oocyte diameters measured for female Glycymeris nummaria sampled each month.
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<0.6%. The frequency of oocytes <20 µm started to 
increase in August. 
The highest MGI values were recorded from April 
to July for both sexes. The increase in MGI from May 
to July coincided with an increase in seawater tem-
perature, while spawning, which occurred between the 
July and August, coincided with the highest annual 
temperatures (Fig. 6).
Mean monthly values of condition index of >20 
were recorded between April to July, whereas over the 
period from August to November, values were <17. 
The highest mean monthly value of condition index 
was recorded in April (23.83±3.72), while the lowest 
value was obtained in September (12.48±1.84), rep-
resenting a 48% reduction. A statistically significant 
difference was noted in log-transformed condition in-
dex values with respect to sampling month (ANOVA 
F=42.57, p<0.001). Condition index values followed 
closely those of MGI. There was thus a significant 
correlation between mean monthly condition index 
and MGI for males (Pearson r=0.774, p=0.003) and 
females (Pearson r=0.824, p=0.001), and a significant 
negative correlation between condition index and sea-
water temperature (Pearson r=–0.665, p=0.018).
DISCUSSION
Results of this study indicate that Glycymeris 
nummaria is dioecious, with equal numbers of adult 
male and female individuals present in the sampled 
population. Since the primary objective of this study 
was, however, to analyse the seasonal cycle of gonad 
maturation, it was conducted on similar-sized indi-
viduals and we can draw no definite conclusions with 
regard to small individuals. Previous studies that have 
analysed the size range of Glycymeris spp., including 
G. glycymeris (Lucas 1975), G. longior (G.B. Sowerby 
I, 1833; Ituarte 1979) and G. gigantea (Reeve, 1843; 
Villalejo-Fuerte et al. 1995), identified hermaphrodites 
and differences in sex ratios. 
Bivalves are known to undergo an annual reproduc-
tive cycle that involves gametogenesis followed by 
either a single or several spawning events, which are in 
turn followed by a period of gonad reconstitution. The 
number of spawning events and duration of the spawn-
ing period can vary greatly with respect to species, ge-
ographic area and environmental conditions (Gosling 
2003). Glycymeris nummaria investigated in this study 
had a single pronounced spawning event, as mature 
individuals were recorded only over the period from 
May to July. Several spawning peaks have previously 
been determined for populations of G. glycymeris from 
southern Brittany, France (Galap et al. 1997). Here, a 
period of vitellogenesis extended from February/March 
to April/May and preceded a spawning in spring. A 
second period of vitellogenesis extended from May/
June to September/October and led to no spawning, 
a single spawning event in autumn, or two spawning 
events in summer and autumn. A third period extended 
from October/November to February/March and was 
characterized by a high level of oocyte lysis (Galap et 
al. 1997). Steingrimsson (1989) recorded continuous 
reproductive activity by G. glycymeris, with develop-
ing and mature oocytes present year round. According 
to Villalejo-Fuerte et al. (1995), gametogenic activ-
ity of Glycymeris gigantea from Bahía Concepción 
(Mexico) occurred throughout the annual cycle with 
a notable spawning peak in autumn coinciding with a 
decline in temperature. 
In the present study, empty spaces were identified 
in reproductive tissues of G. nummaria even in the ripe 
stage, and oocytes were never as tightly packed as in 
some other species such as Arca noae Linnaeus, 1758 
(Peharda et al. 2006). According to Steingrimsson 
(1989), the main follicular volume of G. glycymeris 
was empty and oocytes never exceeded 30% of the 
available reproductive space. Steingrimsson (1989) 
provided two possible explanations for this. Firstly, 
that ripe oocytes are released before the follicles be-
come packed with gametes and, secondly, that follicles 
are distended with the increase in gamete production. 
In bivalves, oocyte size depends on the energy 
available and the reproductive strategy of the species, 
its life history, age, location and environmental stress-
ors (Giese 1966, 1969, Honkoop and van der Meer 
1998, Toro et al. 2002, Maloy et al. 2003, Meneghetti 
et al. 2004). Beninger and Le Pennec (1997) provided a 
review of maximum reported bivalve oocyte diameters 
Fig. 6. – A, mean monthly gonad index values of males (squares), 
females (triangles) and seawater temperature (circles). B, mean 
monthly condition index and corresponding standard deviation for 
Glycymeris nummaria. 
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and where variations with respect to species are clearly 
evident. They further demonstrated that Acharax ali-
nae Métivier and Cosel 1993 has extraordinarily large 
male and female gametes and mature oocytes of ~600 
µm. Mature oocytes of G. nummaria are smaller than 
those described for G. glycymeris and G. gigantea. In 
the present study, we recorded only a small percent-
age of oocytes >80 µm. Analysis of oocyte diameter 
frequencies agree with the results of the quantitative 
analysis of gonad development. According to Lucas 
(1965 in Beninger and Le Pennec 1997), the maximum 
diameter of G. glycymeris oocytes is ~170 µm, making 
them among the largest in bivalves. These are prob-
ably, however, extreme values as later studies point out 
that mature oocyte diameters of G. glycymeris were in 
the range 100 to 130 µm (Steingrimsson 1989, Galap 
et al. 1997). Villalejo-Fuerte et al. (1995) reported 
oocytes of G. gigantea which were up to 150 µm in 
diameter and which during the reproductive peak had a 
mean monthly diameter of >120 µm. 
Condition index in G. nummaria generally followed 
gonad development. In this study, an exception was a 
mean condition index value obtained for individuals 
collected in April, while the highest MGI values for 
males and females were obtained in June and July, 
respectively. A similar trend has been observed for 
Modiolus barbatus (Linnaeus, 1758), with the highest 
mean monthly condition index being recorded in May 
and the highest MGI occurring a few months later in 
August (Mladineo et al. 2007). Villalejo-Fuerte et al. 
(1995) noted that variations in G. gigantea condition 
index seemed to be influenced by gametogenic devel-
opment, in accordance with our results. 
Data on the reproductive characteristics obtained in 
this study show that in the Adriatic Sea G. nummaria 
has one spawning peak per year, which occurs during 
the summer months and that female and male gonad 
developments are synchronous. These results give an 
insight into the biology of G. nummaria and contribute 
to our understanding of species of Glycymerididae, 
some of whose members, such as G. glycymeris, are 
being considered as model organisms for reconstruc-
tion of environmental changes (Royer et al. 2013). 
Further studies should investigate size of individuals at 
sexual maturity, sex ratios with respect to shell length, 
fecundity and influence of environmental factors on 
the seasonal gonad cycle. 
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